Entrance-channel effects in odd-Z tranactinide compound nucleus reactions by Nelson, S. L. et al.
TAN07, September 07 1 
ENTRANCE-CHANNEL EFFECTS IN ODD-Z TRANSACTINIDE COMPOUND NUCLEUS 
REACTIONS 
S.L. Nelson1,2, K.E. Gregorich1, I. Dragojević1,2, Ch.E. Düllmann1,2,3, R. Eichler4,5, C.M. Folden III1,2,†, 
M.A. Garcia1,2, J.M. Gates1,2, L. Stavsetra1, R. Sudowe1,‡, and H. Nitsche1,2 
1 Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA,  
2 Department of Chemistry, University of California, Berkeley, California 94720, USA, 3 Gesellschaft für 
Schwerionenforschung mbH, 64291 Darmstadt, Germany, 4 Labor für Radio- und Umweltchemie, Paul 
Scherrer Institut, CH-5232 Villigen PSI, Switzerland, 5 Departement für Chemie und Biochemie, Universität 
Bern, CH-3012 Bern, Switzerland, ,† Present address: National Superconducting Cyclotron Laboratory, 
Michigan State University, East Lansing, Michigan, USA, , ‡ Present address: University of Nevada Las 
Vegas, Dept. of Health Physics, Las Vegas, Nevada, USA 
Świątecki, Siwek-Wilczyńska, and Wilczyński’s “Fusion By Diffusion” description [1] of transactinide (TAN) 
compound nucleus (CN) formation utilizes a three-step model.  The first step is the “sticking”, or capture, 
which can be calculated relatively accurately.  The second step is the probability for the formation of a CN by 
“diffusion” analogous to that of Brownian motion.  Lastly, there exists the probability of the CN “surviving” de-
excitation by neutron emission, which competes with fission and other de-excitation modes.  This model 
predicts and reproduces cross sections typically within a factor of two.  Producing the same CN with different 
projectile-target pairs is a very sensitive way to test entrance channel effects on heavy element production 
cross sections.  If the same CN is produced at or near the same excitation energy the survival portion of the 
theory is nearly identical for the two reactions.  This method can be used as a critical test of the novel 
“diffusion” portion of the model.  
The reactions producing odd-Z TAN 
CN such as Db, Bh, Mt, and Rg (Z = 
105, 107, 109, and 111, respectively) 
were first studied using even-Z 
projectiles on 209Bi targets (as 
opposed to odd-Z projectiles on 208Pb 
targets) because lower effective 
fissility [2] was expected to lead to 
larger cross sections.  Many odd-Z 
projectile reactions producing odd-Z 
CN had not been studied in-depth 
until very recently.  We have 
completed studies of these reaction 
pairs with the 88-Inch Cyclotron and 
the Berkeley Gas-Filled Separator 
(BGS) at the Lawrence Berkeley 
National Laboratory (LBNL), see 
Figure 1.  Cross section ratios for 
several pairs of reactions will be 
presented and compared with theory. 
 
Figure 1: Plot of decreasing 1n cross section as a function of increasing Z.  Compound nuclei made with 
208Pb or 209Bi targets are denoted by black filled and open squares, respectively. The used projectiles 
are indicated.  Data points are offset slightly in Z for clarity.   
References: 
[1] W. J. Świątecki, K. Siwek-Wilczyńska, and J. Wilczyński, Phys. Rev. C 71, 014602 (2005). 
[2] P. Armbruster, Acta Phys. Pol. B 34, 1825 (2003). 
[3] J. M. Gates, S. L. Nelson, et al., to be submitted to Phys. Rev. C. 
[4] F. P. Heßberger, G. Münzenberg, S. Hofmann, et al., Z. Phys. A 322, 557 (1985). 
[5] C. M. Folden III, S. L. Nelson, Ch. E. Düllmann, et al., Phys. Rev. C 73, 014611 (2006). 
[6] S. L. Nelson, C. M. Folden III, K. E. Gregorich, et al., to be submitted to Phys. Rev. C. 
[7] S. Hofmann , F. P. Heßberger, V. Ninov, et al., Z. Phys. A 358, 377 (1997). 
[8] C. M. Folden III, K. E. Gregorich, Ch. E. Düllmann, et al., Phys. Rev. Lett. 93, 21, 212702 (2004). 
[9] S. Hofmann , F. P. Heßberger, D. Ackermann, et al., Eur. Phys. J. A 14, 147 (2002). 
104 105 106 107 108 109 110 111 112
1
10
100
1000
10000
64Ni [9]
65Cu [8]
58Fe [7]
54Cr [6]
55Mn [5]51V [3]
1n
 
Cr
o
ss
 
Se
ct
io
n
 
(pb
)
Z
208Pb Targets
209Bi Targets
preliminary data
50Ti [4]
